Introduction
Tatton-Brown-Rahman syndrome (TBRS, OMIM 615879) was recently identified as a novel overgrowth syndrome and was first described in 2014 by Tatton-Brown et al. 1) TBRS is caused by heterozygous mutation of DNMT3A (OMIM 602769) on chromosome 2p23, which encodes a DNA methyltransferase. 1) TBRS presents with faster than normal growth after birth, subtle abnormalities in facial features, and intellectual disability. 1) Its prevalence is unknown. To date, over 60 DNMT3A variants, including 32 missense variants, have been reported in the medical literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] Notably, vertical transmission within a family by germ-line mutation is extremely rare in reports of TBRS. 6) DNMT3A is an epigenetic modifier and consists of 3 major protein domains: the Pro-Trp-Trp-Pro domain, the ATRX-DNMT3-DNMT3L domain, and the catalytic methyltransferase domain. 10) Most reported missense variants associated with TBRS are located in one of these 3 functional domains, suggesting their potential deleterious impact on protein function. [1] [2] [3] [4] [5] 9) This report describes, for the first time in Korea, a mother and daughter carrying the novel heterozygous DNMT3A variant c.118G>C p.(Glu40Gln), which was located outside the 3 main functional domains and was identified by multigene panel sequencing. The mother and daughter showed typical clinical features of TBRS. www.e-apem.org
Case report
The proband is an 11-year-old girl with intellectual disability who visited our clinic. She was born vaginally at full term, weighing 3,800 g (10-25th percentile), to nonconsanguineous parents. The pedigree of the family is illustrated in Fig. 1A . Her motor development was within the normal range, but she exhibited apparent expressive language delays and did not use words with meaning until approximately 3-4 years old. She had experienced recurrent seizures and received treatment with an antiepileptic drug for approximately 2 years at ages 4-6 years. She had been treated by a child psychologist for intermittent explosive disorder and early childhood depression. In a physical examination at 11 years of age, she showed overgrowth, with a height of 163.7 cm (+2.27 standard deviation [SD]), weight of 67 kg (+2.43 SD), body mass index of 25 kg/m 2 (+1.94 SD), and head circumference of 57 cm (+3.82 SD). She had a round face, horizontal eyebrows, depressed nasal bridge, and anteverted nares, as shown in Fig. 1B . She had no joint hypermobility, hypotonia, or kyphoscoliosis. Neurodevelopmental evaluation showed mild intellectual disability with a Full Scale IQ of 67 according to the Korean Wechsler Intelligence Scale for Children, fourth edition. Laboratory tests, including complete blood count with blood cell morphology, chemistry, electrolytes, and pituitary function, were within normal ranges. Brain magnetic resonance imaging was normal. The patient's mother was 40 years old when she visited the clinic with her daughter. She was the fifth child of healthy nonconsanguineous parents. She had no family history of neurological disease, developmental delay, intellectual disability, or overgrowth during childhood other than her daughter. She had a history of faster than normal growth after infancy. She was taller than her peers and elder sisters during childhood, but her growth stopped after adolescence. She presented with global developmental delay from infancy. Her exact intelligence quotient was not measured, but she had apparent intellectual disability with a learning disability. Her highest education was junior high school. She exhibited macrocephaly, with a head circumference of 57 cm (+3.82 SD) and obesity with a height of 164.4 cm (75th percentile, +0.67 SD), weight of 93.3 kg (+3.54 SD), and body mass index of 35.4 kg/m 2 (+4.04 SD). She had a round face, as shown in Fig. 1C , with an appearance different from that of her sisters. She had no other known past medical history. Laboratory tests, including complete blood count with blood cell morphology, were within normal ranges.
For differential molecular diagnosis of overgrowth and intellectual disability syndrome, we performed multigene panel sequencing with a TruSight One Sequencing Panel (Illumina, San Diego, CA, USA), which sequenced the genes AKT3, BRWD3, CHD8, CDKN1C, DNMT3A, DIS3L2, EZH2, GPC3, GPC4 NFIX, NSD1, PIK3CA, and PTEN. Genomic DNA was extracted from the patient' s peripheral blood leukocytes and sequenced on the Illumina MiSeq platform at Green Cross Genome (Yongin, Korea). Alignment of sequence reads, indexing of the reference genome (hg19), and variant calling with a pipeline based on GATK Best Practice was performed at Green Cross Genome. The coverage and depth data of the candidate genes are summarized in Supplemental Table 1 . The heterozygous missense variant c.118G>C p.(Glu40Gln) of DNMT3A was identified on the basis of the reference sequence NM_022552.4 and was classified as a variant of uncertain significance (VUS) along with PM2 (absent from populations such as gnomeAD, ExAC, 1000g, and KRGDB) and PP3 (multiple lines of computational evidence, including SIFT, PolyPhen-2, MutationTaster, support a deleterious effect) according to the guidelines of the American College of Medical Genetics and Genomics. 11) This variant was confirmed by Sanger sequencing of samples from the affected family members (the proband and her mother) and from the proband' s unaffected brother. Her mother also harbored the heterozygous missense variant. Sanger sequencing results are presented in Fig.  1D .
Discussion
Overgrowth syndromes are a clinically heterogeneous group of diseases defined by height and/or head circumference more than 2 SD above the mean, together with additional phenotypic abnormalities, the most common of which is intellectual disability. 12) Various overgrowth conditions are believed to be associated with elevated risks of cancer. DNMT3A somatic mutations are well known to be associated with hematological malignancies, especially acute myeloid leukemia, and DNMT3A germ-line mutations are associated with TBRS. 10) TBRS was recently recognized as a single-gene disorder associated with overgrowth and intellectual disability. Tatton-Brown et al. reported that DNMT3A accounted for 2.5% of the single-gene mutations causing overgrowth and intellectual disability in individuals. 12) Only a few patients have been reported with missense variants located outside the main functional domains. 9) Interestingly, the p.(Glu40Gln) variant identified in the present study was located in the N-terminal region outside the 3 main functional domains, mapped to a UniProt Knowledgebase sequence. This novel variant is absent from controls such as the Korean Reference Genome project, which involved whole genome sequencing of 622 and 1,100 Korean individuals. Although from a small, single family, the patients in this family case showed typical clinical features of TBRS, and the variant was cosegregated with disease in the family. The variant site is predicted to be highly conserved in nucleotide conservation prediction analysis (GERP++, PhastCons, PhyloP, and SiPhy). Thus, the novel missense variant is suggested to be a disease-causing variant and responsible for the phenotype observed in the family. Our findings expand the genotype spectrum of patients with DNMT3A-related TBRS and are expected to further contribute to interpretation of VUSs.
The phenotype in our cases is characterized by faster than normal growth of height and head size during childhood, normal growth after late adolescence, and obesity after adulthood. Additionally, the phenotype includes subtle dysmorphic facial features and mild intellectual disability. That these dysmorphic features are relatively mild compared to those observed in other overgrowth and intellectual disability syndromes, such as Sotos syndrome (OMIM 117550), Weaver syndrome (OMIM 277590), and Malan syndrome (OMIM 614753), may have led to underdiagnosis and underestimated prevalence of TBRS, diagnosis of which can only be confirmed through genetic testing. Thus, targeted multigene panel sequencing including DNMT3A may prove a valuable diagnostic tool in patients with overgrowth and unexplained mild intellectual disability for early diagnosis and family genetic counseling.
In summary, we described for the first time a Korean family with the novel heterozygous DNMT3A variant c.118G>C p.(Glu40Gln), which was located outside the 3 main functional domains and was identified by multigene panel sequencing.
